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类和丰度增加。沉积物中含有丰富的 SRB，对沉积物中 Cr/As 的迁移转化起到一
定促进作用；SRB 可以利用乙酸钠为底物使其富集。 
本研究在一定程度上揭示了微生物利用沉积物中电子供体等物质对 Cr/As


















In China, there are many places severely polluted by Chromium or Arsenic. 
Heavy metal contamination has become a concern worldwidely. In present study, Cr 
and As polluted sediments were collected from chromium-containing slag heap in 
Qujing, Yunnan province and Realgar mine tailing area in Shimen, Hunan province. 
The effects of different low molecular organic carbons on Cr/As transformation in 
sediments were investigated, and the effects of different nanoparticles on Cr 
transformation were also explored. Then the dominant bacterial community and the 
enrichment of microorganisms in sediment were analyzed by PCR-DGGE and 
Real-Time PCR. Finally, the effect of acetate on Sulfate Reduction Bacteria (SRB) 
was studied by DNA based stable isotope probing (DNA-SIP). The results are as 
follows: 
1. Microorganisms played an important role in Cr/As transformation in sediments. 
It was promoted by the electron donors. The rate of Cr(VI) reduction in sediment 
adding different organic carbons was different, which represented an identical order: 
sodium lactate> propionate sodium> glucose> sodium acetate> sodium butyrate. The 
released As(III) was the predominant form and were as high as 2200-2600 μg/L. The 
released arsenic represented an identical order: sodium propionate>sodium 
butyrate>glucose>sodium acetate>sodium lactate. 
2. Fe2O3, Fe3O4 and SiO2 nanopaeticles promoted Cr(VI) reduction by 
microorganisms in sediment while the corresponding non-nanoparticles had no 
significant effect. 
3. The main microbial communities were Proteobacteria, Firmicutes and 
Bacteroidetes. The enrichment and species of Proteobacteria that had a potential effect 
on Cr/As transformation in sediment were increased in sediment adding different 















had some effect on Cr/As transformation. And acetate could enrich SRB. 
Through this study, the microorganisms could utilize electron donors in sediment 
to transform Cr/As to some extent, which could provide important references for 
future research on transformation and remediation of Cr/As. 
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为 10 μg/L，而孟加拉地区约为 50 μg/L，甚至一些地区地下水砷含量达到 2000 
μg/L[1,2]，目前发现在约 400 万口水井中，有 120 万口水井被砷污染，占 29%左









数 24，相对原子质量 51.996，在元素周期表中属ⅥB 族，在地壳元素中含量居


























也是沉积物铬污染的一个重要来源，通常，每生产 1 吨金属铬大约会排放 10 吨







结合为稳定的络合物，因此毒性不大；但是，Cr(VI)的毒性是 Cr(III)的 100 倍，
因此铬的毒性主要来自于 Cr(VI)。铬对消化道和呼吸道有刺激作用，还有致癌和
诱变作用；Cr(VI)更容易穿透细胞膜而进入细胞，并在细胞内的谷胱甘肽等还原
性物质的作用下还原成 Cr(III)，在还原过程中会产生 Cr(IV)和 Cr(V)的中间体以
及活性氧自由基（或羟基自由基），这些物质可以和 DNA 作用造成 DNA 解旋或
断裂[9]，因此铬具有强毒性。 
当空气中 Cr(VI)浓度为 0.015~0.033 mg/m3 时就可以引起呼吸系统炎症和鼻


























也会有中间态 Cr(IV)和 Cr(V)出现，但是它们是极不稳定的[11]。环境中的 Cr(VI)




Cr3+的形式存在，而当 pH 为 4~5.5 时，Cr(III)主要以 Cr(OH)2+为主，当 pH 为












0 达到饱和；他们还发现腐殖酸对 Cr(VI)的吸附受 pH 的影响较大，酸性条件有
























































图 1-1 一定 pH 和 Eh 下水溶液中铬的热力学稳定图 
Figure1-1 Thermodynamic stability of aqueous Cr species over a range of pH 
and Eh encountered in the surface environment 
 
 
图 1-2 沉积物中不同形态铬的转化关系 
Figure1-2 Transformation relationship among different Cr species in sediment 
 
铬的转化主要包括两个方面，一是价态的转化，二是形态的转化。在一定
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